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Abstract: During the period of 12/19/12 — 02/02/13 of Contract # W911NF-13-C-0017 we
performed the following.

We developed a ROC (Receiver Operator Characteristic)
curve for benzenethiol (BT) on a polyvinylidene
difluoride (PVDF) substrate coated with gold
nanoparticles (iFyber substrate). The ROC curve
indicates detection levels around 2 x 10 ppm of the
CWA agent simulant. This is ~ 200x above the target
detection level in air. The difficulty and pathway to
improved detection is discussed.

1. Data collection for the ROC curve for the SERS-

DM substrates was initiated

Figure 1 Experimental setup for data
In this section we discuss how we collected data and collection of ROC curve.

how a ROC curve for BT was obtained. The data were
collected using the Raman reader proposed in Phase I.
This device, a CBEx Chemical Biological and Explosive, is battery powered and designed for > 10 hour

missions. The CBEx was mounted above a surface and collected SERS data from iFyber membranes. The
experimental setup is shown in

Figure 1.
Citrate Residual — <«— BT Standard
Spectra were collected for 0.1
second for the new PVDF
substrates. 10 averages were
made for each measurement.
The spectra were collected and
stored with Snowy Range
Instrument’s PEAK software.
The data were not smoothed.

600 800 1000 1200 1400 1600 1800

2. Post-acquisition data
management Wavenumbers
B 1 2
A spectrum of 100% ethanol
soaked substrates has peaks
that overlap with the BT peaks.
This is illustrated in Figure 2.
The spurious peaks have been — ’\/*\.__.
identified as citrate. Citrate is 850 900 950 1000 1050 1100 1150 1200 1250
used in the process to reduce Wavenumbers

Au® to AU’
Figure 2 BT spectra on an iFyber gold DM substrate with the blank. A) Note the
We used a spectral subtraction overlap between residual amounts of citrate from the AuNP synthesis and the
BT spectrum, spectral subtraction was used to mitigate the overlap. B) Regions

routine to remove the blank 1 and 2 of interest used for calculations.

from every measurement. A
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baseline correction was also used to better illustrate the spectra.

Figure 3 shows the correlation as a function the concentration. An outlier was observed at

concentration 3 (1 x 10 ppm). This
. . 1 * *

point was repeated and the point

[ =
below (2 x 10°® ppm) was repeated. .g 0.9 .
New solutions were also made and this g 08— — - : ““““““““
“outlier” was still observed. We E o7 T
believe this could be due to a change % 0.6 Estimated Cut-off
in the structure of the monolayer. BT a 0.5 ®
is known to tilt at a full monolayer and 0

.4 T
may be lying flat at the concentration. 019: ¢ *
The preferential enhancement of the S os
i B 07

normal modes perpendicular to the g o Estimated Cut-off
surface could be the reason for this € o5 l
change. § 0.4 .

U 03r———————T————-———————~—

Q o2 ®

. . .
The top plot represents Region 1, the o1 *
1101-1124 wavenumber doublet, and 0 y
the lower plot represents Region 2, the oAz A s e 20 2
POt repre: glon = Log(ppm BT)

1067 wavenumber singlet. Depending
on the cut-off used the detection limit )

. . Figure 3 r” plot for BT vs concentration. The anomalous outlier is
will vary. However it appears that 0.8 shown circled in red. An estimated (visual) cut-off is shown.
and 0.3 respectively are reasonable
cut-off values, this assumption will be

explained later.

Mitigation of Difficulties: We will explore the anomaly at 1.1 x 10® ppm level in further experiments. A
high sensitivity bench top system will be used to better understand this data point. iFyber will examine
methods to remove residual citrate with Raman inactive materials. Residual citrate from silver-based
SER-DM substrates can be removed using a saline treatment (this replaces citrate anions for chloride
anions); however, in the gold-based SER-DM which have vastly improved performance with respect to
detection sensitivity, citrate is bound much more strongly and saline treatment is ineffective. iFyber has
successfully used Piranha solution (3:1 H,S0,4:H,0,) to remove the citrate background from Au SER-DM,
but they have determined that this strong chemical treatment reduces the detection limit achievable by
using the resulting substrates. Nevertheless, in the current application of SER-DM for detection of nerve
agent analytes, iFyber will develop analyte specific coatings that will remove the adventitiously bound

citrate during manufacturing leaving a clean substrate prior to being exposed to nerve agent, and thus,
this citrate background is not expected to be an issue.

We estimated where we believe the cut-off for detectability might be, 0.8 and 0.3. This conjecture was
made from the current data by determining where the curve appeared to level off. This would be the
point where signal to noise is 3 (for a yes/no) or signal to noise = 10 (for quantitation). Since we
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determined that the SERS materials had an interference from citrate we did not continue to make
multiple measurements to determine the statistics necessary to make a statistically justified cut-off

point.
4
2., I. t.
r2 code r<visualization
Result
‘Waveform Graph
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Figure 4 LabView code to calculate correlations against a standard (library) entry and sample spectra. The code
allows the user to select a specific region for the correlation.

3. Method of ROC Curve Calculation

A software package was created to choose the region to be analyzed and to compute the r* value. The

code shown in Figure 4

. A
loads the spectra as a single

column of intensities and it
creates a subset in both the
standard and the sample.

For example, as shown in n

the visualization we are

True Positives

. . . 600 800 1000 1200 1400 1600 1800
using the region from pixel

wavenumbers >
442 to pixel 479. Ther? in 0 02 04 06 08 1

this case, is between the
standard and the 5.5 x 107
ppm sample.

False Positives

Figure 5 ROC curve produced by a specific spectral region. A) illustrates the region
used to form the ROC curve. B) shows the ROC curve. This figure proves that this
region and method produces a valid assay.
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4. The ROC Curve

Figure 5 illustrates a ROC curve produced with the iFyber substrates and BT in ethanol. Figure 5A
illustrates the region used for the analysis. Figure 5B illustrates the ROC curve. Note that the points are
above the red line. This indicates that this method is a valid assay for BT. In other words, the number of
false positives is always less than the number of true positives. As we improve our method and reduce
interferences the curve should improve.

5. Progress in SER-DM substrate Comparison of Various AuNP SER-DM Preparations

performance and production 1= 48 nm Au, 8 mW, 1 sec

2=60 nm Au, 8 mW, 1 sec
3 =80 nm Au, 8 mW, 0.1 sec

iFyber SERS substrates have been further
refined for improved detection limits and
improved substrate-to-substrate 3 "N
reproducibility. Detection limits have been

‘ Z
Addition of 5uL
improved by selection of a PVDF base /)LJLM 100 nM DPE

7
substrate, which resists burning to give 500 1000 1500 2000 2500 3000 [
. . . Wavenumber / cm-'! N
interfering background signal and allows for
use of greater laser power during sampling. Figure 6 Significant improvements in enhancement factor
Further, gold nanoparticle (AuNP) size and made to AuNP SER-DM. Various AuNP sizes were assembled
overall loading amount onto the porous onto PVDF porous membranes and assayed a CBEx reader and

trans-1,2-bis(4-pyridyl)ethylene (BPE) as a model analyte.
AuNP with an 80 nm diameter clearly out perform 50-60 nm
particles [note the much lower integration time used for the
80 nm substrates]. Itis also important to point out that as

membrane have been optimized (Figure 6).

Ultimately, iFyber aims to produce large

volumes of SER-DM to improve on sample-to- particle size is increased, the #AuNPs/substrates decreases (a

sample variability. Currently, using a small- function of AuNP synthesis). So, enhancements with 80 nm

scale laboratory production method that AuNP occur with a much lower overall surface area, and thus,
less BPE absorbed onto the AuNP relative to the smaller AuNP

mimics the large scale coating methods
planned for Phase 2 (using Kodak facilities),
SER-DM can be produced having relative
standard deviations of <15% (RSD) in measured signal of
adsorbed analytes.

sizes.

® © © o © © & & & 0o ¢ ¢
® © ¢ ¢ © © © 0 ¢ ¢ 0 ¢
Roll-to-roll processing can potentially offer the best solution to e e 0000000000
SER-DM substrate-to-substrate variability; however, this type of EEEEEREREEIENE:
processing is only practical if hundreds of square feet of © 00000000000
material are made in a single run due to the costs associated sssserEREn
with operating the equipment and the volumes of base sseasspeawn®
® © © ¢ ¢ © ¢ & & o 0 o

substrate (i.e., based porous membrane) needed to begin
. 2 . .

processing. For ex‘?\mple, 10-.15 ft* of material is of"(en wa§ted IN" | Figure 7 SER-DM substrate array.
roll-to-roll coating just to begin the process. Thus, iFyber is also Current achievable RSD values obtained
working on several form factors that allow for the production of | using this 96 well array is ~30%;
highly reproducible substrate arrays (e.g., 96-well arrays for however, we a”t'gggtefs'g”f'f'ca”t

. . . . improvements in after fixing
high thrqughput screening of analytes (I‘=|gure 7).‘ Dependmg on oroblems associated with how analytes
the required volumes of SER-DM for a given application,

are delivered to the substrate and how
production of substrate arrays may offer a convenient method the substrate assayed (both of which

are highly variable at this time).
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for producing reproducible substrates in a batch type process — a potential alternative to roll-to-roll
processing for large volumes of SER-DM substrate. These arrays can be used for screening large
amounts of samples in an array reader format, or the substrates can be singulated through a cutting die
and used individually.
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